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CLASSIFYING ACCESS FREQUENCY OF A data . An example of non - volatile memory devices is three 
MEMORY SUB - SYSTEM COMPONENT dimensional cross - point ( “ 3D cross - point " ) memory devices 

that are a cross - point array of non - volatile memory that can 
TECHNICAL FIELD perform bit storage based on a change of bulk resistance , in 

5 conjunction with a stackable cross - gridded data access array . 
The following relates generally to a memory sub - system Another example of a non - volatile memory device is a 

and more specifically to classifying access frequency of a negative - and ( NAND ) memory device . Other examples of 
memory sub - system component . non - volatile memory devices are described below in con 

junction with FIG . 1 . 
BACKGROUND Some non - volatile memory devices , such as 3D cross 

point memory devices , can group pages across dies and 
A memory sub - system can include one or more memory channels to form management units ( MUS ) . A MU can 

components that store data . The memory components can include user data and corresponding metadata . A memory 
be , for example , non - volatile memory components and sub - system controller can send and receive user data and 
volatile memory components . In general , a host system can 15 corresponding metadata as management units to and from 
utilize a memory sub - system to store data at the memory memory devices . A super management unit ( SMU ) can be a 
components and to retrieve data from the memory compo group of one or more MUs that are managed together . For 
nents . example , a memory sub - system controller can perform 

media management operations ( e.g. , wear level operations , 
BRIEF DESCRIPTION OF THE DRAWINGS 20 refresh operations , scrub operations , etc. ) on SMUs . For 

another type of non - volatile memory device , such as NAND , 
FIG . 1 illustrates an example of a computing environment pages can be grouped to form a block . 

in accordance with examples as disclosed herein . A host system request can include a logical address for the 
FIG . 2 is a flow diagram of an example method to classify host data , which is the location the host system associates 

access frequency of components of the memory sub - system 25 with the host data . The logical address can be part of 
in accordance with some embodiments of the present dis- metadata for the host data . The logical address can be for a 
closure . page , a block , a MU , a SMU , or a sub - SMU , which is a 
FIG . 3 is a flow diagram of an example method for using portion of the MUs included in an SMU . 

multiple counters to classify a frequency of accessing a Access operations can be performed by a memory sub 
component of a memory sub - system in accordance with 30 system on memory devices and can include read operations , 
some embodiments of the present disclosure . erase operations , write operations , re - write operations etc. 
FIG . 4 illustrates an example of an architecture in accor- The access operations can , over time , reduce the effective 

dance with examples as disclosed herein . ness of the memory cells within the memory device and can 
FIG . 5 is a flow diagram of an example method to classify cause wear in the memory cell . In particular , the storing of 

components of the memory sub - system as “ hot ” or “ cold ” in 35 data at a memory device can increase the wear of the 
accordance with some embodiments of the present disclo- memory device . After a threshold amount of write opera 

tions , the wear can cause the memory device to become 
FIG . 6 illustrates an example machine of a computer unreliable so that data can no longer be reliably stored and 

system that supports classifying access frequency of retrieved from the memory device . At such a point , the 
memory sub - system components in accordance with 40 memory sub - system can result in a failure when any of the 
examples as disclosed herein . memory devices fails . In some cases , wear of some memory 

cells can be different than the wear of other memory cells 
DETAILED DESCRIPTION within the memory device . Unevenness in the wearing of the 

memory cells can be due to some memory cells being 
Aspects of the present disclosure are directed to classi- 45 accessed more frequently compared with other memory 

fying access frequency of a memory sub - system component . cells . In some cases , the memory cells within the memory 
A memory sub - system can be a storage device , a memory device can have a reduced read / write life due to being 
module , or a hybrid of a storage device and memory module . accessed more frequently than other memory cells within the 
Examples of storage devices and memory modules are memory device . Such wearing can be increased further as 
described with reference to FIG . 1. In general , a host system 50 storage system capacity scales ( e.g. , in larger storage capac 
can utilize a memory sub - system that includes one or more ity memory devices ) , as data object ( e.g. , data in an LBA ) 
memory devices that store data . The host system can provide granularity becomes finer ( e.g. , smaller , such as smaller than 
data to be stored at the memory sub - system and can request 4 kilobytes ) , and data object access pattern varies over time 
data to be retrieved from the memory sub - system . ( e.g. , dynamic changes in the access pattern and / or access 

The host system can send access requests ( e.g. , write 55 frequency of a memory address ) . Further , the overall life of 
command , read command ) to the memory sub - system , such the memory device can be negatively affected by having 
as to store data at the memory sub - system and to read data some memory cells that wear out faster than other memory 
from the memory sub - system . The data to be read and cells . 
written , as specified by a host request , is hereinafter be Wear leveling is a process that helps reduce premature 
referred to as host data . 60 wear in memory devices by distributing write operations 

The memory sub - system can include non - volatile across the memory devices . Wear leveling includes a set of 
memory devices . A non - volatile memory device is a package operations to determine which physical media ( e.g. , set of 
of one or more dies . The dies in the packages can be memory cells ) to use each time data is programmed to help 
assigned to one or more channels for communicating with a ensure that certain physical sets of memory cells are not 
memory sub - system controller . The non - volatile memory 65 written and erased more often than others . 
devices include cells ( i.e. , electronic circuits that store Aspects of the present disclosure address the above and 
information ) , that are grouped into pages to store bits of other deficiencies by having a memory sub - system that 

sure . 
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includes an identification scheme to classify the frequency to classifying access frequency of memory sub - system com 
of accessing components of the memory sub - system . The ponents as described with references to FIG . 4 . 
components can include user data stored on the memory FIG . 1 illustrates an example of a computing environment 
sub - system , addresses ( logical addresses , physical 100 that includes a memory sub - system 110 in accordance 
addresses ) , MUS , SMUs , and the like . In some embodi- 5 with some embodiments of the present disclosure . The 
ments , there are two classifications that include " hot " for memory sub - system 110 can include media , such as one or 
frequent access and " cold ” for infrequent access . For more volatile memory devices ( e.g. , memory device 140 ) , 
example , the identification scheme can identify hot data and one or more non - volatile memory devices ( e.g. , memory 
cold data in the memory sub - system . In other embodiments , device 130 ) , or a combination of such . 
identification scheme includes more than two classifications . A memory sub - system 110 can be a storage device , a 

The identification scheme can use multiple counters to memory module , or a hybrid of a storage device and 
track access operations across different durations of time . memory module . Examples of a storage device include a 

solid - state drive ( SSD ) , a flash drive , a universal serial bus One set of counters can be used to track access operations ( USB ) flash drive , an embedded Multi - Media Controller over an extended duration of time , and another set of 15 ( eMMC ) drive , a Universal Flash Storage ( UFS ) drive , and counters can track the access operations over a more recent a hard disk drive ( HDD ) . Examples of memory modules time period , for example , to reflect recency information . For include a dual in - line memory module ( DIMM ) , a small 
example , the identification scheme can use the set of coun- outline DIMM ( SO - DIMM ) , and a non - volatile dual in - line 
ters for the recent time duration , additionally or alternatively memory module ( NVDIMM ) . 
to using the set of counters for extended time duration , to 20 The computing environment 100 can include a host 
classify the addresses as hot addresses . system 105 that is coupled to one or more memory sub 

The identification scheme can also implement a data systems 110. In some embodiments , the host system 105 is 
transfer ( i.e. , data swapping ) operation to reflect the recency coupled to different types of memory sub - system 110. FIG . 
information ( e.g. , recent changes in the frequency of access 1 illustrates one example of a host system 105 coupled to 
operations of the set of memory cells ) , which can improve 25 one memory sub - system 110. The host system 105 uses the 
the accuracy and adaptivity of the identification scheme . For memory sub - system 110 , for example , to write data to the 
example , the memory sub - system can determine that a memory sub - system 110 and read data from the memory 
transfer condition ( i.e. , swapping condition ) is satisfied and sub - system 110. As used herein , " coupled to ” generally 
reset data of the second counter and / or transfer data ( i.e. , refers to a connection between components or devices , 
values of one or more counters ) between the set of counters 30 which can be an indirect communicative connection or 
for the extended time duration and the set of counters for the direct communicative connection ( e.g. , without intervening 
recent time duration , which can reduce the number of components or devices ) , whether wired or wireless , includ 
counters that reach an overflow state as well as indicating ing connections such as electrical , optical , magnetic , etc. 
recency information . Using two counters ( which can be The host system 105 can be a computing device such as 
examples of bloom filters ) associated with different time 35 a desktop computer , laptop computer , network server , 
durations can increase the amount of information that can be mobile device , a vehicle ( e.g. , airplane , drone , train , auto 
captured by the counters , reduce a likelihood that counters mobile , or other conveyance ) , Internet of Things ( IoT ) 
reach an overflow state , and indicate recency information . enabled device , embedded computer ( e.g. , one included in a 

Such an identification scheme can enable the memory vehicle , industrial equipment , or a networked commercial 
sub - system to determine frequency information that indi- 40 device ) , or such computing device that includes a memory 
cates how frequent or infrequent a component is accessed , and a processing device . The host system 105 can be coupled 
that reflects recency information such as recent changes in to the memory sub - system 110 using a physical host inter 
the frequency of access operations of the components of the face . Examples of a physical host interface include , but are 
memory sub - system , which can further improve the accu- not limited to , a serial advanced technology attachment 
racy and adaptivity of the identification scheme . In some 45 ( SATA ) interface , a peripheral component interconnect 
embodiments , the identification scheme can also enable the express ( PCIe ) interface , universal serial bus ( USB ) inter 
memory sub - system to perform one or more media man- face , Fibre Channel , Serial Attached SCSI ( SAS ) , etc. The 
agement operations using the frequency information ( e.g. , physical host interface can be used to transmit data between 
hotness information ) . For example , as part of a wear- the host system 105 and the memory sub - system 110. The 
leveling operation , the memory sub - system can move data 50 host system 105 can further utilize an NVM Express 
from hot regions ( e.g. , components that are accessed rela- ( NVMe ) interface to access the memory components ( e.g. , 
tively frequently , such as addresses ) to cold regions ( e.g. , memory devices 130 ) when the memory sub - system 110 is 
components that are accessed relatively infrequently ) in coupled with the host system 105 by the PCIe interface . The 
order to level the wear throughout the memory device and physical host interface can provide an interface for passing 
increase the life of the memory device . The identification 55 control , address , data , and other signals between the 
scheme can also enable increased data throughput and memory sub - system 110 and the host system 105 . 
reduced latency in the memory sub - system , reduced The memory devices can include any combination of the 
resource contention at a central processing unit ( CPU ) ( e.g. , different types of non - volatile memory devices and / or vola 
processing device ) of the memory sub - system , among other tile memory devices . The volatile memory devices ( e.g. , 
advantages . 60 memory device 140 ) can be , but are not limited to , random 

Features of the disclosure are initially described in the access memory ( RAM ) , such as dynamic random access 
context of a computing environment as described with memory ( DRAM ) and synchronous dynamic random access 
reference to FIG . 1. Features of the disclosure are described memory ( SDRAM ) . 
in the context of flow charts and memory system architec- Some examples of non - volatile memory devices ( e.g. , 
tures as described with reference to FIGS . 2 and 3. These and 65 memory device 130 ) include negative - and ( NAND ) type 
other features of the disclosure are further illustrated by and flash memory and write - in - place memory , such as three 
described with reference to a computer diagram that relates dimensional cross - point ( “ 3D cross - point ” ) memory . A 

?? 
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cross - point array of non - volatile memory can perform bit instead rely upon external control ( e.g. , provided by an 
storage based on a change of bulk resistance , in conjunction external host , or by a processor or controller separate from 
with a stackable cross - gridded data access array . Addition- the memory sub - system ) . 
ally , in contrast to many flash - based memories , cross - point In general , the memory sub - system controller 115 can 
non - volatile memory can perform a write in - place operation , 5 receive commands or operations from the host system 105 
where a non - volatile memory cell can be programmed and can convert the commands or operations into instruc 
without the non - volatile memory cell being previously tions or appropriate commands to achieve the desired access 
erased . to the memory devices 130. The memory sub - system con 

Although non - volatile memory components such as 3D troller 115 can be responsible for other operations such as 
cross - point type and NAND type memory are described , the 10 wear - leveling operations , garbage collection operations , 
memory device 130 can be based on any other type of error detection and error - correcting code ( ECC ) operations , 
non - volatile memory , such as read - only memory ( ROM ) , encryption operations , caching operations , and address 

translations between a logical address ( e.g. , logical block phase change memory ( PCM ) , self - selecting memory , other address ( LBA ) , namespace ) and a physical address ( e.g. , chalcogenide based memories , ferroelectric random access 15 physical MU address , physical block address ) that are asso memory ( FeRAM ) , magneto random access memory ciated with the memory devices 130. The memory sub ( MRAM ) , negative - or ( NOR ) flash memory , and electrically system controller 115 can further include host interface 
erasable programmable read - only memory ( EEPROM ) . circuitry to communicate with the host system 105 via the 
One type of memory cell , for example , single level cells physical host interface . The host interface circuitry can 

( SLC ) can store one bit per cell . Other types of memory 20 convert the commands received from the host system into 
cells , such as multi - level cells ( MLCs ) , triple level cells command instructions to access the memory devices 130 as 
( TLCs ) , and quad - level cells ( QLCs ) , can store multiple bits well as convert responses associated with the memory 
per cell . In some embodiments , each of the memory devices devices 130 into information for the host system 105 . 
130 can include one or more arrays of memory cells such as The memory sub - system 110 can also include additional 
SLCs , MLCs , TLCs , QLCs , or any combination of such . In 25 circuitry or components that are not illustrated . In some 
some embodiments , a particular memory device can include examples , the memory sub - system 110 can include a cache 
an SLC portion , and an MLC portion , a TLC portion , or a or buffer ( e.g. , DRAM ) and address circuitry ( e.g. , a row 
QLC portion of memory cells . The memory cells of the decoder and a column decoder ) that can receive an address 
memory devices 130 can be grouped as pages or codewords from the memory sub - system controller 115 and decode the 
that can refer to a logical unit of the 30 address to access the memory devices 130 . device used to memory 
store data . With some types of memory ( e.g. , NAND ) , pages In some embodiments , the memory devices 130 include 

local media controllers 135 that operate in conjunction with can be grouped to form blocks . Some types of memory , such memory sub - system controller 115 to ex ute operations on as 3D cross - point , can group pages across dies and channels one or more memory cells of the memory devices 130. An to form management units ( MUS ) . 35 external controller ( e.g. , memory sub - system controller 115 ) The memory sub - system controller 115 ( or controller 115 can externally manage the memory device 130 ( e.g. , perform for simplicity ) can communicate with the memory devices media management operations on the memory device 130 ) . 130 to perform operations such as reading data , writing data , In some embodiments , the memory devices 130 can be or erasing data at the memory devices 130 and other such locally managed memory devices , which is a raw memory 
operations . The memory sub - system controller 115 can 40 device combined with a local media controller 135 that 
include hardware such as one or more integrated circuits performs memory management operations on the memory 
and / or discrete components , a buffer memory , or a combi- device 130 within the same memory device package . 
nation thereof . The hardware can include a digital circuitry The memory sub - system 110 includes an access fre 
with dedicated ( i.e. , hard - coded ) logic to perform the opera- quency classifier 150 for assigning an access frequency 
tions described herein . The memory sub - system controller 45 classification to one or more components of a memory 
115 can be a microcontroller , special purpose logic circuitry sub - system in accordance with some embodiments of the 
( e.g. , a field programmable gate array ( FPGA ) , an applica- present disclosure . The access frequency classifier 150 can 
tion specific integrated circuit ( ASIC ) , etc. ) , or other suitable assign an access frequency classification to an address 
processor . ( logical or physical ) pertaining to a memory device of the 

The memory sub - system controller 115 can include a 50 memory sub - system , a component of the memory sub 
processor 120 ( e.g. , a processing device ) configured to system that is related to the address , data being stored at a 
execute instructions stored in a local memory 125. In the location pertaining to the address , or one or more combina 
illustrated example , the local memory 125 of the memory tions or multiples of such . 
sub - system controller 115 includes an embedded memory The access frequency classification can indicate how 
configured to store instructions for performing various pro- 55 relatively frequent or infrequent , for example , an address is 
cesses , operations , logic flows , and routines that control accessed , data stored at a location related to the address is 
operation of the memory sub - system 110 , including han- accessed , or a memory sub - system component is accessed . 
dling communications between the memory sub - system 110 The access frequency classifier 150 can use two or more 
and the host system 105 . classifications to represent various degrees of frequency . In 

In some examples , the local memory 125 can include 60 some embodiments , there are two classifications , such as 
memory registers storing memory pointers , fetched data , etc. frequently accessed ( also hereinafter referred to as “ hot ” ) 
The local memory 125 can also include read - only memory and infrequently accessed ( also hereinafter referred to as 
( ROM ) for storing micro - code . While the example memory " cold ” ) . In some embodiments , the various classifications 
sub - system 110 in FIG . 1 has been illustrated as including are represented by values . Other types of classification 
the memory sub - system controller 115 , in another example 65 schemes are described in greater detail below in conjunction 
of the present disclosure , a memory sub - system 110 cannot with FIG . 2. In some examples , the memory sub - system 
include a memory sub - system controller 115 , and can controller 115 includes at least a portion of the access 
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frequency classifier 150. For example , the memory sub- tion , erase operation . The processing logic can detect the 
system controller 115 can include a processor 120 ( e.g. , a request , for example , by receiving the request for a host 
processing device ) configured to execute instructions stored system . For example , the processing logic may receive a 
in local memory 125 for performing the operations host command for a read operation , write operation , or an 
described herein . In some examples , the access frequency 5 erase operation . 
classifier 150 is part of the host system 105 , an application , At operation 210 , the processing logic determines a 
or an operating system . number of access operations pertaining to the particular 
The access frequency classifier 150 can be software of the address using one or more counters . The counters include an 

host system 105. The software can include logic and / or extended counter corresponding to an extended period of 
instructions to perform the operations described herein . The 10 time and a recent counter corresponding to a recent period 
software can include a call stack . The call stack can include of time . The extended period of time is longer than and 
two interfaces , an insertion interface and a query interface . beginning before the recent period of time . In one embodi 
The insertion interface can capture ( i.e. , record , store , or ment , the counters are counting bloom filters . Determining 
track ) an access of an address of the memory sub - system , the number of access operations pertaining to the particular 
such as an LBA , a MU , an SMU , among other examples of 15 address using multiple counting bloom filters is described in 
addresses . The query interface can report ( i.e. , determine , greater detail below in conjunction with FIG . 4 . 
transmit , or consolidate ) frequency information of the Referring to FIG . 2 , at operation 215 , the processing logic 
address , such as a frequency status of the address ( e.g. , a hot assigns an access frequency classification based on the 
address or a cold address ) . number of access operations pertaining to the particular 

The access frequency classifier 150 can track a quantity of 20 address . The processing logic can assign the access fre 
access operations performed at one or more addresses using quency classification to the address , the component of the 
one or more counters . For example , the access frequency memory sub - system , one or more other components of the 
classifier 150 can detect an access operation at an address memory sub - system , or a combination of such . Assigning an 
and increment at least one counter associated with an access frequency classification can include changing a cur 
extended time period , or increment at least one counter 25 rent classification of the address , the component of the 
associated with a recent time period that , or both . The access memory sub - system , one or more other components of the 
frequency classifier 150 can determine whether a threshold memory sub - system . 
value is satisfied by one or more counts ( i.e. , values ) of the The use multiple classifications to represent various 
counters , and classify the address and / or another component degrees of frequency . In some embodiments , there are two 
of the memory sub - system accordingly . The components can 30 classifications , such as frequently accessed . In some 
include user data stored on the memory sub - system , embodiments , there are more than two classifications to 
addresses ( logical addresses , physical addresses ) , MUS , represent various degrees of frequency . For example , the 
SMUS , and the like . In some examples , the access frequency access frequency classifier 150 may use three classifications , 
classifier 150 can also perform a media management opera- such as " high ” , “ medium ” , and “ low . ” In some embodi 
tion such as a wear - leveling operation based on classifying 35 ments , the various classifications are represented by values . 
the component ( e.g. , address ) , for example , as hot or cold . The processing device can map the classification assigned 
The classifications can be relative classifications . That is , the to the address to the data stored at the address or to another 
classifications are made relative to the access operations component of the memory sub - system , or both . The com 
being tracked . The access frequency classifier 150 can ponents can include user data stored on the memory sub 
update classifications with each detection of an access 40 system , addresses ( logical addresses , physical addresses ) , 
operation , periodically , or based on a trigger condition . MUS , SMUs , and the like . For example , the processing 
Further details with regards to the operations of the access device can assign the data stored at the address as “ hot ” or 
frequency classifier 150 are described below . " cold ” . In another example , the address may be an LBA and 
FIG . 2 is a flow diagram of an example method 200 for the processing device may classify the LBA as a hot address . 

assigning an access frequency classification in accordance 45 The processing device can map the classification to the 
with some embodiments of the present disclosure . The physical address that corresponds to the LBA . For example , 
method 200 can be performed by processing logic that can the processing device may classify a physical MU address , 
include hardware ( e.g. , processing device , circuitry , dedi- a physical SMU address , or both , which correspond to the 
cated logic , programmable logic , microcode , hardware of a LBA , as hot addresses . 
device , integrated circuit , etc. ) , software ( e.g. , instructions 50 In some embodiments , the processing logic performs one 
run or executed on a processing device ) , or a combination or more media management operations on the memory 
thereof . In some embodiments , the method 200 is performed sub - system based on the access frequency classification . A 
by the access frequency classifier 150 of FIG . 1. Although media management operation can be , for example , a wear 
shown in a particular sequence or order , unless otherwise leveling operation , a garbage collection operation , or a 
specified , the order of the processes can be modified . Thus , 55 caching assignment operation . 
the illustrated embodiments should be understood only as The wear - leveling operation can move data from hot 
examples , and the illustrated processes can be performed in regions ( e.g. , data located in hot addresses that are accessed 
a different order , and some processes can be performed in relatively frequently ) to cold regions ( e.g. , cold addresses 
parallel . Additionally , one or more processes can be omitted that are accessed less frequently than the hot addresses ) . The 
in various embodiments . Thus , not all processes are required 60 regions can be moved at an MU level , an SMU level , a 
in every embodiment . Other process flows are possible . sub - SMU level , among other examples . The wear - leveling 
At operation 205 , the processing logic detects a request operation can mitigate the wear of the hot regions and extend 

for an access operation relating to an address of a component the life of the memory device . In some cases , the methods 
of a memory sub - system . The component is can be a page , described herein can include transferring at least a portion of 
a block , a management unit , or a super management unit . 65 data of a hot address to a cold address , at least a portion of 
The address can be a logical address or a physical address . data of a cold address to a hot address , or a combination 
The access operation can be a read operation , write opera- thereof . Additionally , performing the wear - leveling opera 
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tion can include operations , features , means , or instructions the memory sub - system , data stored at location correspond 
for performing the wear - leveling operation for an MU , an ing to the address , or a combination of such . 
SMU , a portion of the SMU , or a combination thereof . If the processing logic determines that the number of 

Additionally or alternatively , the processing logic can access operations over the extended period of time fails to 
perform a cache assignment operation based on frequency 5 satisfy the criterion ( at operation 310 ) , the processing logic 
information ( e.g. , various degrees of frequency ) . The cache determines a number of access operations pertaining to the 
assignment operation can promote cache efficiency in the address over a recent period of time using a recent counter 
memory sub - system . For example , the processing logic can at operation 315. Determining the number of access opera 
move hot data ( i.e. , hot data objects ) to a cache of the tions pertaining to the address using a counting bloom filter 
memory sub - system and move cold data to non - volatile 10 as a recent counter is described in greater detail below in 
memory ( e.g. , write operation memory , read operation conjunction with FIG . 4 . 

Referring to FIG . 3 , at operation 320 , the processing logic memory , or both ) . Such a cache assignment operation can determines whether the number of access operations over reduce data access ( e.g. , write traffic ) of the non - volatile the recent period of time satisfies a criterion . In some memory by directing the data access to the cache , which can 15 embodiments , the criterion at operation 320 is the same as in turn reduce the wear of the non - volatile memory ( e.g. , the criterion at operation 310. In other embodiments , the 
because the non - volatile memory can have a skewed access criterion at operation 320 is different from the criterion at 
pattern ) . operation 310 . 

In some examples , the processing logic can also perform If the processing logic determines that the number of 
a garbage collection operation based on the frequency 20 access operations over the extended period of time fails to 
information ( e.g. , when the memory sub - system is an SSD satisfy the criterion ( at operation 310 ) , the processing logic 
device ) . For example , the processing logic can identify cold determines the classification to be “ infrequently accessed ” , 
data ( e.g. , a cold LBA address ) and can clear the cold data or the like at operation 325. The classification can be 
( i.e. , reset the cold data ) during an off - peak time ( e.g. , a assigned to the address , the component of the memory 
period of time with relatively low data traffic ) , for example , 25 sub - system , one or more other components of the memory 
to ensure high write speeds during normal operations ( e.g. , sub - system , data stored at location corresponding to the 
a period of time with relatively high data traffic ) . address , or a combination of such . 

In some embodiments , the counters are incremented prior If the processing logic determines that the number of 
to the determining of the number of access operations for the access operations over the extended period of time satisfies 
particular address . 30 the criterion ( at operation 310 ) , the processing logic deter 

FIG . 3 is a flow diagram of an example method 300 for mines the classification to be “ frequently accessed ” at opera 
using multiple counters to classify a frequency of accessing tion 330. The classification can be assigned to the address , 
a component of a memory sub - system in accordance with the component of the memory sub - system , one or more other 
some embodiments of the present disclosure . The method components of the memory sub - system , data stored at loca 
300 can be performed by processing logic that can include 35 tion corresponding to the address , or a combination of such . 
hardware ( e.g. , processing device , circuitry , dedicated logic , FIG . 4 is a block diagram of an example architecture 400 
programmable logic , microcode , hardware of a device , inte- for determining the number of access operations pertaining 
grated circuit , etc. ) , software ( e.g. , instructions run or to an address using multiple counting bloom filters in 
executed on a processing device ) , or a combination thereof . accordance with some embodiments of the present disclo 
In some embodiments , the method 300 is performed by the 40 sure . The architecture 400 can implement aspects of com 
access frequency classifier 150 of FIG . 1. Although shown puting environment 100 , method 200 , and method 300 . 
in a particular sequence or order , unless otherwise specified , Architecture 400 can enable a memory sub - system ( e.g. , 
the order of the processes can be modified . Thus , the memory sub - system 110 ) to implement an identification 
illustrated embodiments should be understood only as scheme to determine , classify , and / or report frequency infor 
examples , and the illustrated processes can be performed in 45 mation for the memory sub - system or a portion of the 
a different order , and some processes can be performed in memory sub - system . 
parallel . Additionally , one or more processes can be omitted In some cases , the methods described herein can include 
in various embodiments . Thus , not all processes are required identifying an access operation performed on the address 
in every embodiment . Other process flows are possible . using an insertion interface of the memory sub - system , 
At operation 305 , the processing logic determines a 50 where tracking the quantity of access operations can be 

number of access operations pertaining to an address over an based on identifying the access operation performed on the 
extended period of time using an extended counter . Deter- address , and reporting whether the address can be classified 
mining the number of access operations pertaining to the as a hot address or a cold address based on a query interface 
address using a counting bloom filter as an extended counter of the memory sub - system . 
is described in greater detail below in conjunction with FIG . 55 The architecture 400 includes multiple counters . As an 
4 . example , the counters can be counting bloom filters , count 

Referring to FIG . 3 , at operation 310 , the processing logic ing bloom filter ( CFB ) 410 - a and CFB 410 - b . The architec 
determines whether the number of access operations over ture 400 can also include one or more CBFs 410. A counting 
the extended period of time satisfies a criterion . The criterion bloom filter can be a bloom filter variant extending the 
can be a threshold . The threshold can be pre - defined and 60 bloom filter capability from a “ membership query ” to a configurable . “ frequency query . ” That is , a bloom filter can report whether 

If the number of access operations over the extended an element is included in a set of elements , and a CBF 410 
period of time satisfies the criterion ( at operation 310 ) , the can report how many times the element has occurred ( e.g. , 
processing logic determines the classification to be “ fre- been addressed ) . 
quently accessed ” , or the like , at operation 330. The clas- 65 The architecture 400 can include an address . A logical 
sification can be assigned to the address , the component of address ( e.g. , LBA 405 ) is used as one example of an 
the memory sub - system , one or more other components of address . The LBA 405 can be an indication or a represen 
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tation of a physical location of blocks of data ( e.g. , data in ( e.g. , k = 3 of the N counters ) . The counters 420 - f , 420 - h , and 
a set of memory cells ) in the memory sub - system . In some 420 - i can be a subset of the N counters 420 in the CBF 
examples , the memory sub - system ( e.g. , a controller of the 410 - b , the subset being associated with the LBA 405 and 
memory sub - system ) can perform an access operation to the incremented when an access operation is performed on the 
LBA 405. The access operation can include a read operation , 5 LBA 405 . 
an erase operation , a write operation , a re - write operation , Incrementing the subset can enable the architecture 400 to 
among other examples . The architecture 400 can enable the track a quantity of access operations performed on the LBA 
memory sub - system to track one or more such access 405 over the second period of time ( e.g. , a longer period of operations performed on the LBA 405 , determine frequency time ) . information of the LBA 405 ( e.g. , a classification of the LBA 10 In some examples , two or more of the k hash functions 405 as a hot address or a cold address ) , and perform media 415 can address the same counter 420. In such examples , the management operations based on the determined frequency same counter 420 is incremented one time ( i.e. , k ' distinct information . 

The architecture 400 can include a CBF 410 - a and a CBF counters are incremented , where k'sk addressed counters ) . 
410 - b . The CBF 410 - a and the CBF 410 - b can be examples 15 In some cases , the CBF 410 - a and / or the CBF 410 - b can 
of the CBF - a and the CBF - b , respectively , as described with refrain from incrementing one or more of the counters 420 
reference to FIG . 2. The CBF 410 - a and the CBF 410 - b can ( e.g. , the k ' distinct counters ) if the CBF 410 - a and / or the 
record an access operation performed on the LBA 405 using CBF 410 - b determine that such an incrementation can cause 
one or more hash functions 415 to increment one or more the one or more counters 420 to overflow . A counter 420 can 
counters 420. The CBF 410 - a can track a quantity of access 20 overflow if the value of the counter 420 is at a limit of a 
operations performed on the LBA 405 over a first period of range of values that the counter 420 can represent . For 
time ( e.g. , a relatively more recent time window , such as a example , a counter 420 with a 4 bit size can indicate or 
1 - month period from the past to the present ) . The CBF 410 - b represent 24 = 16 possible values , and can be considered to 
can track a quantity of access operations performed on the overflow upon incrementing the counter 420 after the value 
LBA 405 over a second period of time ( e.g. , a relatively 25 of the counter 420 reaches 16 , although other bit sizes and 
wider time window , such as a 3 - month period from the past value ranges can be used . 
to the present ) . The memory sub - system can utilize the counters 420 to 

The architecture 400 can include counters 420. The coun- determine a quantity or an approximate quantity of access 
ters 420 can be values stored in the memory sub - system . For operations performed on the LBA 405 over the first time 
example , the counters 420 can be a number of bits repre- 30 period , the second time period , or both . For example , the 
senting a value ( e.g. , 4 bits to capture a relatively large memory sub - system can use the counters of CBF 410 - b to 
quantity of access operations while maintaining a relatively determine or estimate the quantity of access operations 
small memory space constraint ) . The architecture 400 can performed on the LBA 405 over the second period of time 
enable the memory sub - system to increment one or more of ( e.g. , the longer time period ) . The memory sub - system can 
the counters 420 to track access operations performed on the 35 determine the indices of the subset of counters 420 ( e.g. , the 
LBA 405 , and / or other LBAs in the memory sub - system . counters 420 - f , 420 - h , and 420 - i ) based on inputting a 

In some examples , upon detecting and / or performing an number of the LBA 405 ( e.g. , an index of the LBA 405 ) to 
access operation to the LBA 405 , the CBF 410 - a can identify the hash functions of the CBF 410 - b ( e.g. , the hash functions 
one or more counters 420 to increment based on one or more can output the indices of the subset of k counters 420 - f , 
of the hash functions 415. An identifier of the LBA405 , such 40 420 - h , and 420 - i ) . The processing logic can also determine 
as an index of the LBA 405 or some other identifier for the a smallest counter of the subset of counters . For example , the 
LBA 405 , can be input to k hash functions 415. For example , processing logic can compare the values or data contents of 
the identifier ( e.g. , number ) of the LBA 405 can be input to each of the k counters ( e.g. , k ' distinct counters ) and deter 
hash functions 415 - a , 415 - b , and 415 - c ( e.g. , k = 3 ) . The hash mine a counter value that is smaller than the other counter 
functions 415 - a , 415 - b , and 415 - c can process the identifier 45 values ( e.g. , the counter 420-4 ) . In such examples , the 
of the LBA 405 and can output the indices of a subset of k processing logic can use the smaller counter value ( e.g. , the 
counters 420 of the N counters 420. For example , the k hash counter 420-7 ) as the number of access operations over the 
functions 415 can output the indices of k counters 420 - b , second time period . The memory sub - system can similarly 
420 - d , and 420 - e ( e.g. , k = 3 of the N counters ) . The counters determine a smaller counter value of the CBF 410 - a ( e.g. , 
420 - b , 420 - d , and 420 - e can be a subset of the N counters 50 counter 420 - b ) to use as the number of access operations 
420 in the CBF 410 - a , the subset being associated with the over the first time period . 
LBA 405 and incremented when an access operation is The memory sub - system can compare the determined 
performed on the LBA 405. Incrementing the subset can quantity or approximate quantity of access operations over 
enable the architecture 400 to track a quantity of access the second time period ( e.g. , the longer time period ) to a 
operations performed on the LBA 405 over the first period 55 threshold . The threshold can be a value indicating that the 
of time ( e.g. , a more recent period of time ) . quantity of access operations over the second time period is 

Additionally , the CBF 410 - b can identify one or more relatively high ( i.e. , the frequency of data access of the LBA 
counters 420 to increment based on one or more of the hash 405 indicates that the LBA 405 is hot data ) . The LBA 405 
functions 415. A number of the LBA 405 , such as an index can be classified as a hot address based on the comparison . 
of the LBA 405 or some other identifier for the LBA 405 , can 60 The memory sub - system can compare the determined 
be input to k hash functions 415. For example , the number quantity or approximate quantity of access operations over 
of the LBA 405 can be input to hash functions 415 - d , 415 - e , the first time period ( e.g. , the shorter and / or more recent time 
and 415 - f ( e.g. , k = 3 ) . The hash functions 415 - d , 415 - e , and period ) to a second threshold . In some cases , the second 
415 - f can process the number of the LBA 405 and can output threshold is the same as the first threshold . In some cases , the 
the indices of a subset of k counters 420 of the N counters 65 second threshold is different than the first threshold . For 
420 in the CBF 410 - b . For example , the k hash functions 415 example , if the first time period is shorter , a smaller thresh 
can output the indices of k counters 420 - F , 420 - h , and 420 - i old value for the second threshold can be used to more 
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accurately reflect recency information . The LBA 405 can be 410 - b to a base value . Additionally or alternatively , the 
classified as a hot address or a cold address based on the counters 420 of the CBF 410 - a can undergo a transfer 
comparison . operation ( i.e. , a swapping operation ) . For example , the 

The architecture 400 can be applied to other LBAs . For counters 420 of the CBF 410 - a can be “ swapped ” with the 
example , the architecture 400 can be implemented for one or 5 counters 420 of the CBF 410 - b ( e.g. , data such as the values 
more LBAs , each of which can correspond to one or more of the counters 420 can be transferred between the CBF 
of the counters 420 based on the output of one or more hash 410 - a and the CBF 410-6 ) . Values of the counters 420 of the 
functions 415 ( e.g. , after inputting an LBA index of an LBA CBF 410 - a can be changed to values of the counters 420 of 
of the one or more LBAs and incrementing the one or more the CBF 410 - b , and the values of the counters 420 of the 
counters 420 based on an access operation being performed 10 CBF 410 - b can be changed to values of the counters 420 of 
at the LBA ) . the CBF 410 - a . Such data transfer can reduce the number of 

In some examples , the architecture 400 can be configured counters 420 that reach an overflow state , as well as main 
to reflect recency information ( e.g. , to include in frequency tain / reflect recency information in the CBFs 410. In some 
information such as hotness information or coldness infor- examples , the reset operation can be performed before or 
mation of the LBA 405 or other LBAs ) . For example , the 15 after the transfer operation , independently of the transfer 
memory sub - system can compare a quantity of operations operation , to multiple CBFs 410 ( e.g. , both CBF 410 - a and 
tracked over a longer time period with a quantity of opera- CBF 410 - b ) , among other examples . 
tions tracked over a shorter time period . In some examples , The architecture 400 can enable the memory sub - system 
the memory sub - system can determine that the quantity of to realize one or more of the following advantages . The 
operations tracked over the shorter time period is relatively 20 overall life of the memory sub - system can be increased due 
close in value to the quantity of operations tracked over the to wear - leveling operations utilizing the frequency informa 
longer time period . In such examples , the recency informa- tion determined by the accurate , dynamic , and space effi 
tion can reflect that a workload pattern has changed , and that cient identification scheme implemented using the architec 
the LBA 405 is being accessed more recently than the LBA ture 400. The memory sub - system can also realize reduced 
405 was accessed historically . In some other examples , the 25 data movement ( e.g. , user data flow ) using the operations 
memory sub - system can determine that the quantity of described herein , which can improve data throughput and 
operations tracked over the shorter time period is relatively latency in the memory sub - system , for example , by reducing 
small in value compared to the quantity of operations an input / output ( I / O ) bandwidth contention with the user 
tracked over the longer time period . In such examples , the data flow . Additionally or alternatively , a CPU resource 
recency information can reflect that a workload pattern has 30 contention with user data flow can also be reduced ( e.g. , in 
changed , and that the LBA 405 is being accessed less an embedded environment ) . 
frequently than the LBA 405 was accessed historically . The architecture 400 can be relatively space efficient . For 

Additionally or alternatively , the architecture can be con- example , the CBF 410 - a and the CBF 410 - b can provide 
figured to reflect recency information by classifying the dense data representation ( e.g. , compact bit representation ) 
LBA 405 as a hot address or a cold address based on 35 with a relatively low false - positive rate ( e.g. , the rate of 
counting bloom filters that track the access operations over identifying a cold address as a hot address ) . Additionally , the 
varying time periods , which can ensure that recency infor- architecture 400 can be accurate and adaptable to capture 
mation such as recent changes in the frequency of access dynamic changes in hot data in workloads ( i.e. , memory 
operations of the LBA 405 is reflected in the determined operation ) . For example , using the CBF - a and the CBF - b as 
frequency information of the LBA 405 . 40 described herein can reflect real - time hotness changes in the 

In some examples , the architecture 400 can also include workloads ( e.g. , included in recency information ) , and the 
a transfer operation ( i.e. , a swapping operation ) to maintain trigger conditions ( i.e. , transfer conditions ) for the transfer 
recency information in the CBF 410 - a and the CBF 410-6 , operations can be dynamically updated based on workload 
as well as preventing overflowed counters in the CBFs 410 . characteristics of the memory sub - system , such as a work 
For example , the memory sub - system can determine that a 45 set size , a ratio of hot data to cold data , recency information , 
transfer condition ( i.e. , a swapping condition ) is satisfied . among other examples . Further , the architecture 400 can be 
The transfer condition can be satisfied based on one or more scalable and configurable . For example , the design param 
parameters . The parameters can include a total number of eters of the architecture 400 ( e.g. , number of bits per counter , 
insertions in the CBF 410 - a since the last transfer operation number of N counters per each CBF 410 , number of hash 
( i.e. , a total number of access operations performed of the 50 functions per CBF 410 , and number of CBFs 410 ) can be 
LBA 405 tracked by the CBF 410 - a since the last swapping configured and / or dynamically updated , which can enable 
condition was satisfied ) . The parameters can also include a the architecture to have high configurability , scalability 
total number of counters 420 in the CBF 410 - a that have under different workloads ( e.g. , workloads of memory sub 
reached an overflowed state ( i.e. , threshold number of systems with different scales and access patterns ) , etc. 
counters 420 that have overflowed in the CBF 410 - a ) . For 55 FIG . 5 is a flow diagram of an example method 500 to 
example , the memory sub - system can determine that a classify components of the memory sub - system as “ hot ” or 
determined quantity of access operations satisfies a thresh- “ cold ” in accordance with some embodiments of the present 
old to trigger the transfer operation . Additionally or alter- disclosure . The method 500 can be performed by processing 
natively , the memory sub - system can determine that a quan- logic that can include hardware ( e.g. , processing device , 
tity of counters 420 that have reached an overflow condition 60 circuitry , dedicated logic , programmable logic , microcode , 
satisfies a threshold ( e.g. , 20 percent of the N counters 420 ) hardware of a device , integrated circuit , etc. ) , software ( e.g. , 
to trigger the transfer operation . instructions run or executed on a processing device ) , or a 

The counters 420 of the CBF 410 - b can be changed ( e.g. , combination thereof . In some embodiments , the method 500 
reset to zero ) based on the satisfied transfer condition . For is performed by the access frequency classifier 150 of FIG . 
example , the memory sub - system can determine that the 65 1. Although shown in a particular sequence or order , unless 
transfer condition is satisfied and perform a reset ( e.g. , a otherwise specified , the order of the processes can be 
rewrite ) operation to " wipe ” the counters 420 of the CBF modified . Thus , the illustrated embodiments should be 
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understood only as examples , and the illustrated processes mine the indices of the subset of counters associated with the 
can be performed in a different order , and some processes address based on inputting a number of the address to the 
can be performed in parallel . Additionally , one or more hash functions of the CBF - b ( e.g. , the hash functions can 
processes can be omitted in various embodiments . Thus , not output the indices of the subset of k counters ) . The process 
all processes are required in every embodiment . Other 5 ing logic can also determine a smallest counter of the subset 
process flows are possible . For example , the method 500 can of counters . For example , the processing logic can compare illustrate a process flow to classify a component ( e.g. , an the values or data contents of each of the k counters and address ) of a memory sub - system as a hot address because determine a counter value that is smaller than the other 
the address is accessed relatively frequently , or a cold counter values . In such examples , the processing logic can address because the address is accessed relatively infre- 10 use the smaller counter value as the number of access quently . In some embodiments , a memory component such operations over the second time period . as a memory sub - system controller 115 can include software 
with processing logic to perform the operations described At 520 , the processing logic can determine whether the 
herein . number of access operations over the second time period 
The processing logic an identify , classify , and / or report 15 satisfies a threshold . In some examples , the processing logic 

components of the memory sub - system ( e.g. , data , can determine that the number of access operations satisfies 
addresses , pages , blocks , MUS , SMUs , and the like ) as “ hot ” the threshold . For example , the determined number of access 
or “ cold . ” At operation 505 , the processing logic performs operations at 515 can be greater than or equal to a threshold 
an access operation based on an address . The access opera- number of access operations indicating that the address is a 
tion can be performed based on an address associated with 20 hot address . That is , the number of access operations per 
a memory device of a memory sub - system . The address can formed over the second period of time can be a large enough 
be a logical address or a physical address . The logical value to indicate that the address includes hot data ( e.g. , data 
address can be for a page , an MU , a SMU , or a sub - SMU . that is accessed relatively frequency ) . In such examples , at 
The physical address can be for a page , a block , an MU , an 525 the processing logic can classify the address as a hot 
SMU , a sub - SMU ( e.g. , a portion of the MUs included in an 25 address . 
SMU ) , among other examples . The address can be for a In some other examples , the processing logic can deter 
location in a memory sub - system to store or to retrieve data . mine that the number of access operations over the second 
The access operation can include a read operation , an erase time period ( e.g. , the 3 - month period ) fails to satisfy the 
operation , a write operation , or a re - write operation . threshold . In such examples , at 530 the processing logic can 

At operation 510 , the processing logic records count 30 determine a number of access operations over the first time 
information for the access operation performed on one or period ( e.g. , the 1 - month period ) . For example , the process 
more locations specified by the address over a first time ing logic can use the counters of CBF - a to determine or 
period and a second time period using one or more counters . estimate the quantity of access operations performed on the 
The locations can be for one or more memory cells , one or address over the first period of time . The processing logic 
more MUs , or one or more SMUs . A counter can be a 35 can determine the indices of the subset of counters associ 
counting bloom filter . For example , the processing logic can ated with the address based on inputting a number of the 
increment at least one counter of a first bloom filter or at address to the hash functions of the CBF - a ( e.g. , the hash 
least one counter of a second bloom filter ( sometimes functions can output the indices of the subset of k counters ) . 
referred to as counting bloom filters ) or both . The first bloom The processing logic can also determine a smallest counter 
filter can be referred to as CBF - a and the second bloom filter 40 of the subset of counters of the CBF - a . For example , the 
can be referred to as CBF - b . In other examples , CBF - b can processing logic can compare the values or data contents of 
be referred to as the first counter or the first bloom filter and each of the k counters and determine a counter value that is 
CBF - a can be referred to as the second counter or second smaller than the other counter values . In such examples , the 
bloom filter . The CBF - a can track the access operations processing logic can use the smaller counter value as the 
performed on the address over a first period of time ( e.g. , a 45 number of access operations over the first time period . 
1 - month period ) . The CBF - b can track the access operations At 535 , the processing logic can determine whether the 
performed on the address over a second period of time number of access operations over the first time period ( e.g. , 
longer than the first period of time ( e.g. , a 3 - month period ) . the more recent time period ) satisfies a threshold . In some 

In some examples , the CBF - a and / or CBF - b can include examples , the threshold for the first time period can be 
a set of N counters . The processing logic can record the 50 different than the threshold for the second time period . In 
access operation performed on the address by incrementing some other examples , the thresholds can be the same . In 
a subset of counters ( e.g. , a subset of the first set of some cases , the processing logic can determine that the 
counters ) . The subset of counters can include k counters number of access operations satisfies the threshold . For 
( e.g. , where ksN ) and can include the at least one counter of example , the determined number of access operations can be 
the CBF - a or CBF - b . The processing logic can determine the 55 greater than or equal to a threshold number of access 
subset of counters using k hash functions . For example , the operations of the first time period indicating that the address 
processing logic can input the address into the k hash is a hot address . That is , the number of access operations 
functions and output the indices of each of the k counters in performed over the first period of time can be a large enough 
the first set of counters . The processing logic can increment value to indicate that the address includes hot data ( e.g. , data 
the subset of counters based on the access operation per- 60 that is accessed relatively frequency ) . In such examples , at 
formed at 505 . 525 the processing logic can classify the address as a hot 
At 515 , the processing logic can determine a number of address . 

access operations over the second time period . For example , In other examples , the processing logic can determine that 
the processing logic can use the counters of CBF - b to the number of access operations over the first time period 
determine or estimate the quantity of access operations 65 fails to satisfy the threshold . In such examples , at 540 the 
performed on the address over the second period of time processing logic can classify the address as a cold address 
( e.g. , the 3 - month period ) . The processing logic can deter- ( e.g. , the determined number of access operations can be less 
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than a threshold number of access operation , which can configured to execute instructions 635 for performing the 
indicate that the address is accessed relatively less fre- operations and steps discussed herein . The computer system 
quently than a hot address ) . 600 can further include a network interface device 620 to 

In some examples , the processing logic can perform communicate over the network 640 . 
media management operations based on whether the address 5 The data storage system 625 can include a machine 
is classified as a hot address or a cold address . For example , readable storage medium 630 ( also known as a computer 
the processing logic can compile frequency information readable medium ) on which is stored one or more sets of 
from multiple addresses ( e.g. , including the address illus- instructions 635 or software embodying any one or more of 
trated in method 500 ) and determine frequency information the methodologies or functions described herein . The 
( e.g. , the hot / cold classifications of each of the multiple 10 instructions 635 can also reside , completely or at least 
addresses ) to perform one or more media management partially , within the main memory 610 and / or within the 
operations . In some examples , the processing logic can processing device 605 during execution thereof by the 
perform a wear - leveling operation ( e.g. , based on the fre- computer system 600 , the main memory 610 and the pro 
quency information ) . cessing device 605 also constituting machine - readable stor 

FIG . 6 illustrates an example machine of a computer 15 age media . The machine - readable storage medium 630 , data 
system 600 that supports classifying access frequency of storage system 625 , and / or main memory 610 can corre 
memory sub - system components in accordance with spond to a memory sub - system . 
examples as disclosed herein . The computer system 600 can In one example , the instructions 635 include instructions 
include a set of instructions , for causing the machine to to implement functionality corresponding to an access fre 
perform any one or more of the techniques described herein . 20 quency classifier 650 ( e.g. , the access frequency classifier 
In some examples , the computer system 600 can correspond 150 described with reference to FIG . 1 ) . While the machine 
to a host system ( e.g. , the host system 105 described with readable storage medium 630 is shown as a single medium , 
reference to FIG . 1 ) that includes , is coupled with , or utilizes the term “ machine - readable storage medium " can include a 
a memory sub - system ( e.g. , the memory sub - system 110 single medium or multiple media that store the one or more 
described with reference to FIG . 1 ) or can be used to perform 25 sets of instructions . The term “ machine - readable storage 
the operations of a controller ( e.g. , to execute an operating medium ” can also include any medium that is capable of 
system to perform operations corresponding to the access storing or encoding a set of instructions for execution by the 
frequency classifier 150 described with reference to FIG . 1 ) . machine and that cause the machine to perform any one or 
In some examples , the machine can be connected ( e.g. , more of the methodologies of the present disclosure . The 
networked ) with other machines in a LAN , an intranet , an 30 term “ machine - readable storage medium ” can include , but 
extranet , and / or the Internet . The machine can operate in the not be limited to , solid - state memories , optical media , and 
capacity of a server or a client machine in client - server magnetic media . 
network environment , as a peer machine in a peer - to - peer Information and signals described herein can be repre 
( or distributed ) network environment , or as a server or a sented using any of a variety of different technologies and 
client machine in a cloud computing infrastructure or envi- 35 techniques . For example , data , instructions , commands , 
ronment . information , signals , bits , symbols , and chips that can be 

The machine can be a personal computer ( PC ) , a tablet referenced throughout the above description can be repre 
PC , a set - top box ( STB ) , a Personal Digital Assistant ( PDA ) , sented by voltages , currents , electromagnetic waves , mag 
a cellular telephone , a web appliance , a server , a network netic fields or particles , optical fields or particles , or any 
router , a switch or bridge , or any machine capable of 40 combination thereof . Some drawings can illustrate signals as 
executing a set of instructions ( sequential or otherwise ) that a single signal ; however , it will be understood by a person 
specify actions to be taken by that machine . Further , while of ordinary skill in the art that the signal can represent a bus 
a single machine is illustrated , the term “ machine ” can also of signals , where the bus can have a variety of bit widths . 
include any collection of machines that individually or The terms “ electronic communication , " " conductive con 
jointly execute a set ( or multiple sets ) of instructions to 45 tact , " " connected , " and " coupled ” can refer to a relationship 
perform any one or more of the methodologies discussed between components that supports the flow of signals 
herein . between the components . Components are considered in 

The example computer system 600 can include a process- electronic communication with ( or in conductive contact 
ing device 605 , a main memory 610 ( e.g. , read - only memory with or connected with or coupled with ) one another if there 
( ROM ) , flash memory , DRAM such as synchronous DRAM 50 is any conductive path between the components that can , at 
( SDRAM ) or RDRAM , etc. ) , a static memory 615 ( e.g. , any time , support the flow of signals between the compo 
flash memory , static random access memory ( SRAM ) , etc. ) , nents . At any given time , the conductive path between 
and a data storage system 625 , which communicate with components that are in electronic communication with each 
each other via a bus 645 . other ( or in conductive contact with or connected with or 

Processing device 605 represents one or more general- 55 coupled with ) can be an open circuit or a closed circuit based 
purpose processing devices such as a microprocessor , a on the operation of the device that includes the connected 
central processing unit , or the like . More particularly , the components . The conductive path between connected com 
processing device can be a complex instruction set comput- ponents can be a direct conductive path between the com 
ing ( CISC ) microprocessor , reduced instruction set comput- ponents or the conductive path between connected compo 
ing ( RISC ) microprocessor , very long instruction word 60 nents can be an indirect conductive path that can include 
( VLIW ) microprocessor , or a processor implementing other intermediate components , such as switches , transistors , or 
instruction sets , or processors implementing a combination other components . In some cases , the flow of signals 
of instruction sets . Processing device 605 can also be one or between the connected components can be interrupted for a 
more special - purpose processing devices such as an appli- time , for example , using one or more intermediate compo 
cation specific integrated circuit ( ASIC ) , a field program- 65 nents such as switches or transistors . 
mable gate array ( FPGA ) , a digital signal processor ( DSP ) , The term “ coupling ” refers to condition of moving from 
network processor , or the like . The processing device 605 is an open - circuit relationship between components in which 
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signals are not presently capable of being communicated The various illustrative blocks and modules described in 
between the components over a conductive path to a closed- connection with the disclosure herein can be implemented or 
circuit relationship between components in which signals performed with a general - purpose processor , a DSP , an 
are capable of being communicated between components ASIC , an FPGA or other programmable logic device , dis 
over the conductive path . When a component , such as a 5 crete gate or transistor logic , discrete hardware components , 
controller , couples other components together , the compo or any combination thereof designed to perform the func 
nent initiates a change that allows signals to flow between tions described herein . A general - purpose processor can be 
the other components over a conductive path that previously a microprocessor , but in the alternative , the processor can be 
did not permit signals to flow . any processor , controller , microcontroller , or state machine . 

The devices discussed herein , including a memory array , 10 A processor can also be implemented as a combination of 
computing devices ( e.g. , a combination of a DSP and a can be formed on a semiconductor substrate , such as silicon , microprocessor , multiple microprocessors , one or more germanium , silicon - germanium alloy , gallium arsenide , gal microprocessors in conjunction with a DSP core , or any lium nitride , etc. In some cases , the substrate is a semicon other such configuration ) . 

ductor wafer . In other cases , the substrate can be a silicon The functions described herein can be implemented in 
on - insulator ( SOI ) substrate , such as silicon - on - glass ( SOG ) hardware , software executed by a processor , firmware , or 
or silicon - on - sapphire ( SOP ) , or epitaxial layers of semi any combination thereof . If implemented in software 
conductor materials on another substrate . The conductivity executed by a processor , the functions can be stored on or 
of the substrate , or sub - regions of the substrate , can be transmitted over as one or more instructions or code on a 
controlled through doping using various chemical species 20 computer - readable medium . Other examples and implemen 
including , but not limited to , phosphorous , boron , or arsenic . tations are within the scope of the disclosure and appended 
Doping can be performed during the initial formation or claims . For example , due to the nature of software , functions 
growth of the substrate , by ion - implantation , or by any other described above can be implemented using software 
doping means . executed by a processor , hardware , firmware , hardwiring , or 
A switching component or a transistor discussed herein 25 combinations of any of these . Features implementing func 

can represent a field - effect transistor ( FET ) and comprise a tions can also be physically located at various positions , 
three terminal device including a source , drain , and gate . including being distributed such that portions of functions 
The terminals can be connected to other electronic elements are implemented at different physical locations . Also , as 
through conductive materials , e.g. , metals . The source and used herein , including in the claims , “ or ” as used in a list of 
drain can be conductive and can comprise a heavily - doped , 30 items ( for example , a list of items prefaced by a phrase such 
e.g. , degenerate , semiconductor region . The source and as " at least one of ” or “ one or more of " ' ) indicates an 
drain can be separated by a lightly - doped semiconductor inclusive list such that , for example , a list of at least one of 
region or channel . If the channel is n - type ( i.e. , majority A , B , or C means A or B or C or AB or AC or BC or ABC 
carriers are signals ) , then the FET can be referred to as a ( i.e. , A and B and C ) . Also , as used herein , the phrase “ based 
n - type FET . If the channel is p - type ( i.e. , majority carriers 35 on ” shall not be construed as a reference to a closed set of 
are holes ) , then the FET can be referred to as a p - type FET . conditions . For example , an exemplary step that is described 
The channel can be capped by an insulating gate oxide . The as “ based on condition A ” can be based on both a condition 
channel conductivity can be controlled by applying a voltage A and a condition B without departing from the scope of the 
to the gate . For example , applying a positive voltage or present disclosure . As used herein , the phrase " based on ” 
negative voltage to an n - type FET or a p - type FET , respec- 40 shall be construed in the same manner as the phrase “ based 
tively , can result in the channel becoming conductive . A at least in part on . ” 
transistor can be “ on ” or “ activated ” when a voltage greater Computer - readable media includes both non - transitory 
than or equal to the transistor's threshold voltage is applied computer storage media and communication media includ 
to the transistor gate . The transistor can be “ off ” or “ deac- ing any medium that facilitates transfer of a computer 
tivated ” when a voltage less than the transistor's threshold 45 program from one place to another . A non - transitory storage 
voltage is applied to the transistor gate . medium can be any available medium that can be accessed 

The description set forth herein , in connection with the by a general purpose or special purpose computer . By way 
appended drawings , describes example configurations and of example , and not limitation , non - transitory computer 
does not represent all the examples that can be implemented readable media can comprise RAM , ROM , electrically eras 
or that are within the scope of the claims . The term “ exem- 50 able programmable read - only memory ( EEPROM ) , com 
plary ” used herein means “ serving as an example , instance , pact disk ( CD ) ROM or other optical disk storage , magnetic 
or illustration , " and not “ preferred ” or “ advantageous over disk storage or other magnetic storage devices , or any other 
other examples . ” The detailed description includes specific non - transitory medium that can be used to carry or store 
details to providing an understanding of the described tech- desired program code means in the form of instructions or 
niques . These techniques , however , can be practiced without 55 data structures and that can be accessed by a general 
these specific details . In some instances , well - known struc- purpose or special - purpose computer , or a general - purpose 
tures and devices are shown in block diagram form to avoid or special - purpose processor . Also , any connection is prop 
obscuring the concepts of the described examples . erly termed a computer - readable medium . For example , if 

In the appended figures , similar components or features the software is transmitted from a website , server , or other 
can have the same reference label . Further , various compo- 60 remote source using a coaxial cable , fiber optic cable , 
nents of the same type can be distinguished by following the twisted pair , digital subscriber line ( DSL ) , or wireless tech 
reference label by a dash and a second label that distin- nologies such as infrared , radio , and microwave , then the 
guishes among the similar components . If just the first coaxial cable , fiber optic cable , twisted pair , digital sub 
reference label is used in the specification , the description is scriber line ( DSL ) , or wireless technologies such as infrared , 
applicable to any one of the similar components having the 65 radio , and microwave are included in the definition of 
same first reference label irrespective of the second refer- medium . Disk and disc , as used herein , include CD , laser 
ence label . disc , optical disc , digital versatile disc ( DVD ) , floppy disk 
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and Blu - ray disc where disks usually reproduce data mag- determining the first number of access operations pertain 
netically , while discs reproduce data optically with lasers . ing to the particular address over the extended period of 
Combinations of the above are also included within the time using the extended counter ; 
scope of computer - readable media . determining that the first number of access operations 

The description herein is provided to enable a person 5 over the extended period of time fails to satisfy a first 
skilled in the art to make or use the disclosure . Various criterion ; 
modifications to the disclosure will be apparent to those determining the second number of access operations 
skilled in the art , and the generic principles defined herein pertaining to the particular address over the recent 
can be applied to other variations without departing from the period of time using the recent counter , 
scope of the disclosure . The disclosure is not limited to the 10 determining that the second number of access operations 
examples and designs described herein , but is to be accorded over the recent period of time satisfies a second crite 
the broadest scope consistent with the principles and novel rion ; and 
features disclosed herein . classifying at least one of the address or the component of 
What is claimed is : the memory sub - system as frequently accessed . 
1. A method , comprising : 12. The method of claim 1 , wherein assigning the access 
detecting a request for an access operation relating to an frequency classification comprises : 

address of a component of a memory sub - system ; determining the first number of access operations pertain 
determining , by a processing device , a number of access ing to the particular address over the extended period of 

operations pertaining to the particular address using at time using the extended counter ; 
least one of a plurality of counters , wherein the plural- 20 determining that the first number of access operations 
ity of counters comprises an extended counter corre over the extended period of time fails to satisfy a first 
sponding to a first number of access operations per- criterion ; 
taining to the particular address over an extended determining the second number of access operations 
period of time and a recent counter corresponding to a pertaining to the particular address over the recent 
second number of access operations pertaining to the 25 period of time using the recent counter ; 
particular address over a recent period of time ; and determining that the second number of access operations 

assigning an access frequency classification to at least one over the recent period of time fails to satisfy a second 
of the address or the component of the memory sub criterion ; and 
system based on the number of access operations classifying at least one of the address or the component of 
pertaining to the particular address . the memory sub - system as infrequently accessed . 

2. The method of claim 1 , further comprising : 13. A system , comprising : 
performing a media management operation on the a memory device ; and 
memory sub - system based on the access frequency a processing device coupled to the memory vice , to 
classification . perform operations comprising : 

3. The method of claim 2 , wherein the media management 35 detecting a request for an access operation relating to 
operation is at least one of a wear leveling operation , a an address of a component of a memory sub - system ; 
garbage collection operation , or a caching assignment opera- determining a number of access operations pertaining 
tion . to the particular address using at least one of a 

4. The method of claim 1 , further comprising : plurality of counters , wherein the plurality of coun 
assigning the access frequency classification to data 40 ters comprises an extended counter corresponding to 

stored at a location pertaining to the address . a first number of access operations pertaining to the 
5. The method of claim 1 , wherein the component is at particular address over an extended period of time 

least one of a page , a block , a management unit , or a super and a recent counter corresponding to a second 
management unit . number of access operations pertaining to the par 

6. The method of claim 1 , wherein the address is a logical 45 ticular address over a recent period of time ; and 
address or a physical address . assigning an access frequency classification to at least 

7. The method of claim 1 , wherein the extended period of one of the address or the component of the memory 
time is longer than and beginning before the recent period of sub - system based on the number of access operations 
time . pertaining to the particular address . 

8. The method of claim 1 , further comprising : 14. The system of claim 13 , the operations further com 
incrementing the plurality of counters prior to the deter- prising : 

mining of the number of access operations for the performing a media management operation on the 
particular address . memory sub - system based on the access frequency 

9. The method of claim 1 , wherein the plurality of classification . 
counters comprises counting bloom filters . 15. The system of claim 13 , wherein the component is at 

10. The method of claim 1 , wherein assigning the access least one of a page , a block , a management unit , or a super 
frequency classification comprises : management unit . 

determining the first number of access operations pertain- 16. The system of claim 13 , wherein the plurality of 
ing to the particular address over the extended period of counters comprises counting bloom filters . 
time using the extended counter ; 17. A non - transitory computer - readable storage medium 

determining that the first number of access operations comprising instructions that , when executed by a processing 
over the extended period of time satisfies a criterion ; device , cause the processing device to perform operations 
and comprising : 

classifying at least one of the address or the component of detecting a request for an access operation relating to an 
the memory sub - system as frequently accessed . address of a component of a memory sub - system ; 

11. The method of claim 1 , wherein assigning the access determining a number of access operations pertaining to 
frequency classification comprises : the particular address using at least one of a plurality of 
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counters , wherein the plurality of counters comprises 
an extended counter corresponding to a first number of 
access operations pertaining to the particular address 
over an extended period of time and a recent counter 
corresponding to a second number of access operations 5 
pertaining to the particular address over a recent period 
of time ; and 

assigning an access frequency classification to at least one 
of the address or the component of the memory sub 
system based on the number of access operations 10 
pertaining to the particular address . 

18. The non - transitory computer - readable storage 
medium of claim 17 , the operations further comprising : 

performing a media management operation on the 
memory sub - system based on the access frequency 15 
classification . 

19. The non - transitory computer - readable storage 
medium of claim 17 , wherein the component is at least one 
of a page , a block , a management unit , or a super manage 
ment unit . 

20. The non - transitory computer - readable storage 
medium of claim 17 , wherein the plurality of counters 
comprises counting bloom filters . 
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